There continues to be significant controversy regarding the mechanism(s) responsible for the initiation and maintenance of activity in galactic nuclei. In this paper we will investigate possible environmental triggers of nuclear activity through a statistical analysis of a large sample of galaxy groups. The focus of this paper is to identify active galactic nuclei (AGNs) and other emission-line galaxies in these groups and to compare their frequency with a sample of over 260,000 isolated galaxies from the same catalog. The galaxy groups are taken from the catalog of Yang et al., in which over 20,000 virialized groups of galaxies (2 N 20) with redshifts between 0.01 and 0.20 are from the Sloan Digital Sky Survey. We first investigate the completeness of our data set and find, though biases are a concern particularly at higher redshift, that our data provide a fair representation of the local universe. After correcting emission-line equivalent widths for extinction and underlying Balmer stellar absorption, we classify galaxies in the sample using traditional emission-line ratios, while incorporating measurement uncertainties. We find a significantly higher fraction of AGNs in groups compared with the isolated sample. Likewise, a significantly higher fraction of absorption-line galaxies are found in groups, while a higher fraction of star-forming galaxies prefer isolated environments. Within grouped environments, AGNs and star-forming galaxies are found more frequently in small-to medium-richness groups, while absorption-line galaxies prefer groups with larger richnesses. Groups containing only emission-line galaxies have smaller virial radii, velocity dispersions, and masses compared with those containing only absorption-line galaxies. Furthermore, the AGN fraction increases with decreasing distance to the group centroid, independent of galaxy morphology. Using properties obtained from Galaxy Zoo, there is an increased fraction of AGNs within merging systems, unlike star-forming galaxies. These results provide some indication that the local environment does play a role in initiating activity in galactic nuclei, but it is by no means simple or straightforward.
INTRODUCTION
There is considerable evidence that the nonthermal energy produced by an active galactic nucleus (AGN) is due to accretion of material onto a supermassive black hole (e.g., Rees 1984; Peterson 1997; Rafanelli et al. 2011) . While it appears that a majority of massive galaxies contain a central supermassive black hole (e.g., Kormendy & Gebhardt 2001; Ferrarese et al. 2006) , only a fraction of these galaxies show evidence for significant nonthermal activity in their nucleus. What causes some of these galaxies to have active nuclei, and others not? The answer to this question has important implications for the formation and evolution of galaxies.
There is no satisfying answer to this long-standing question at this point, despite the fact that researchers have approached this problem from a variety of perspectives that can loosely be divided into two categories: external (or environmental) factors and/or internal processes.
Several investigations have suggested a causal link between the mass of a galaxy's central black hole and the properties of its host galaxy (Silk & Rees 1998; Gebhardt et al. 2000; Ferrarese & Merritt 2000; Graham et al. 2001 Graham et al. , 2011 Merritt & Ferrarese 2001; Tremaine et al. 2002; Novak et al. 2006) . Combes (2003) described how internal perturbations, such as bars and stellar winds, could lead to the accumulation of gas into the central regions of a galaxy, and he found a weak correlation between AGN activity and the presence of bars for high-luminosity objects (though he cautioned that this correlation could arise from morphological mismatches). Others have claimed that Seyfert host galaxies more frequently contain barred nuclei that can funnel material into their centers (Knapen et al. 2000; Laine et al. 2002) . On the other hand, Wada (2004) performed a hydrostatic simulation of the turbulence within interstellar matter and its connection to the formation of an AGN and found that stellar bars or external perturbations may not be needed to initiate an AGN.
With the advent of large galaxy surveys such as the Sloan Digital Sky Survey (SDSS; York et al. 2000) and the Two Degree Field Galaxy Redshift Survey (Colless 1999) , there has been a great deal of effort into reexamining possible environmental factors leading to the initiation of nuclear activity.
The evolution of a galaxy has been shown to be strongly affected by its host environment (Park & Choi 2009; Liu et al. 2012 , and references therein). The role of the environment in galaxy evolution can be traced back to an early suggestion by Spitzer & Baade (1951) , who held that galaxies are formed via accretion and mergers with other galaxies. Galaxy-galaxy mergers present a natural mechanism for providing and removing the angular momentum from interstellar gas and dust (Cattaneo et al. 2005; Springel et al. 2005; Hopkins et al. 2008) . Once the angular momentum of gas is sufficiently redistributed, these gas and dust particles can funnel into the galaxy's central black hole (Shlosman et al. 1990 ; Barnes & Hernquist 1991; Haan et al. 2009; Liu et al. 2011) . Numerical simulations have indicated that such interactions can lead to the inflow of gas into the core of the galaxy (Toomre & Toomre 1972; Soltan 1982 2006; Hopkins & Hernquist 2006; Lapi et al. 2006; Hopkins et al. 2008; Chatterjee et al. 2012 ), which in turn could lead to the activation of an AGN.
The evidence for environmental triggers is not unambiguous, however. Surveys of AGNs have shown that they do not exhibit an excess of asymmetries or extended tidal features (e.g., Malkan et al. 1998; Virani et al. 2000) , though counterexamples do exist (e.g., Bahcall et al. 1997; Hutchings et al. 2003; Urrutia et al. 2008; Bennert et al. 2008; Kuo et al. 2008; Tang et al. 2008; Koss et al. 2010; Ramos Almeida et al. 2011) .
Some investigators have found direct observational evidence for the prevalence of mergers associated with AGN hosts (e.g., Kauffmann & Haehnelt 2000; Canalizo & Stockton 2001; Sánchez & González-Serrano 2003; Smirnova et al. 2006; Serber et al. 2006; Combes et al. 2009; Villar-Martín et al. 2010 . Additionally, many studies cite indirect support for a connection between AGN activity and the presence of companions (e.g., Stauffer 1982; Dahari 1984; Keel et al. 1985; Rafanelli et al. 1995; Alonso et al. 2007; Woods & Geller 2007; Rogers et al. 2009; Koss et al. 2010) . Ellison et al. (2011) have recently examined the fraction of AGNs within galaxy pairs using SDSS, finding an inverse relationship between the fraction of active galaxies and the distance between pairs when compared to a closely matched sample of field galaxies. On the other hand, numerous studies have found little or no statistical significance between activity and the presence of close companions (De Robertis et al. 1998a , 1998b De Robertis & Vandalfsen 1998; Schmitt 2001; Li et al. 2006 Li et al. , 2008 Ellison et al. 2008) . Ryan & De Robertis (2010) compared the environments of 52 interacting AGNs and found that, while strong interactions and mergers may be an effective mechanism for activating higher-luminosity members (e.g., quasars), it is unlikely that interactions are the primary mechanism responsible for lower-luminosity Seyfert galaxies. A number of studies have demonstrated that the occurrence of Seyfert nuclei in strongly interacting systems is no greater than in isolated field galaxies (Bushouse 1986; Sekiguchi & Wolstencroft 1992; Donzelli & Pastoriza 2000; Casasola et al. 2004; Georgakakis et al. 2008 ).
Galaxy harassment (in which a low-luminosity galaxy interacts but does not merge with a brighter galaxy, usually in richer environments) could also be a significant factor in the formation of AGNs (Richstone 1976; Moore et al. 1996) . A study by Gilmour et al. (2007) supports this notion, finding that AGNs in bright galaxies at z = 0.17 (a region that corresponds to the location of a supercluster) more frequently occur in intermediate density environments. Galaxy harassment then may sufficiently disrupt or stimulate gas inflows (Moore et al. 1996) .
There have also been a number of studies that explored the connection between large-scale environments and the presence of AGNs. Martel et al. (2007) found that high-redshift AGNs (z ∼ 1) prefer regions that are more crowded than in the field. At high redshift there is evidence for a marked increase in the fraction of cluster galaxies that host an X-ray AGN (Eastman et al. 2007; Martini et al. 2009 ).
There is also evidence to support the hypothesis that the AGN fraction is higher in groups and poor clusters compared with rich clusters (Gilmour et al. 2007; Sivakoff et al. 2008; Martini 2009; Martini et al. 2002; Gilli et al. 2003; Waskett et al. 2005; Strand et al. 2008) . Indeed, Hwang et al. (2012) concluded through observations that AGNs are triggered through galaxy-galaxy interactions and mergers when a sufficient gas supply is available.
High galaxy densities (e.g., rich clusters), however, may suppress AGN formation (Kauffmann et al. 2004; Gavazzi et al. 2011) . Moreover, the AGN fraction may be relatively constant with local density (Miller et al. 2003; Shen et al. 2007 ). Galaxies in rich cluster environments have a lower cold gas content (McNamara & Nulsen 2007) and much higher relative velocities. Not only might this explain the difference in the star formation rates between cluster and field galaxies (Gunn & Gott 1972 ), but at the same time these physical conditions could reduce the rate of AGN formation.
Although compact groups (Hickson 1982) are known to contain starbursts and AGNs (Menon 1995; Ribeiro et al. 1996) in general, the fraction of galaxies within compact groups do not appear to show rates of activity higher than those of the field (Allam et al. 1996 (Allam et al. , 1999 Allam 1998; Sabater et al. 2012) .
Mergers appear to operate most efficiently in galaxy groups or in the outskirts of clusters (Caldwell et al. 1993; Moss & Whittle 1993; Gnedin 2003 ) with low to moderate velocity dispersions and galaxy densities. Galaxy groups may then provide an ideal environment for such mergers (Shen et al. 2007 ). Silverman et al. (2009) investigated the zCOSMOS survey (Lilly et al. 2007) , finding that AGNs are more prevalent in intermediate environments, such as groups. Moreover, they concluded that AGNs within massive galaxies tend to occur in low-density environments, where disruptive processes (such as mergers) are less frequent.
This suggests that galaxy groups may provide an important and complementary parameter space in which to statistically explore possible connections between the local and intermediate galaxy environment and the incidence of AGNs.
Our sample, taken from (Yang et al. 2007 ), consists of virialized groups of galaxies, along with a comparison sample of isolated galaxies also taken from Yang et al. (2007) . Using a subset of this data set, Wilman & Erwin (2012) investigated the relationship between AGN fraction and environment but found no strong trends. Their final sample consisted of 1340 galaxies because they used only those galaxies that were also available within another catalog. Our analysis utilizes a much larger proportion of the overall sample and explores a broader set of parameters.
In Section 2 we introduce the data and sample selection criteria, while in Section 3 we assess the homogeneity of our data set by investigating the luminosity function of our sample. An alternate classification scheme for identifying AGNs is described in Section 4. Finally, in Section 5 we present and discuss the results of various environmental tests, before summarizing our results in Section 6. We adopt the cosmological parameters Ω M = 0.3, Ω Λ = 0.7, and Ω k = 0 where h = 1.
DATA AND SAMPLE SELECTION
SDSS is a photometric and spectroscopic survey whose goal was to observe π sr of the northern Galactic cap. SDSS employed a 2.5 m telescope with a drift-scan camera (Gunn et al. 1998 ) at the Apache Point Observatory. Photometrically, SDSS observed with a 120 megapixel camera in five passbands: u , g , r , i , and z with effective wavelengths of 3551, 4686, 6165, 7481, and 8931 Å, respectively (Fukugita et al. 1996) .
Using the New York University Value-Added Catalog (Blanton et al. 2005; Adelman-McCarthy et al. 2008; Padmanabhan et al. 2008) , an extension of the fourth data release (DR4; Adelman-McCarthy et al. 2006 ) of SDSS (York et al. 2000) , Yang et al. (2007, Y07 ) assembled a catalog detailing the grouping of over 600,000 galaxies with redshifts Notes. The number of sample galaxies and systems in isolated, paired, and grouped environments. "Galaxies" refers to the number of individual galaxies in each richness bin, while "systems" refers to the number of groups containing the specified richness.
between 0.01 and 0.20 and with a redshift completeness greater than 70%. The Y07 catalog contains 362,356 galaxies within 301,237 groups with richness, N (i.e., the number of galaxies in a group)1 member to more than 100 members. The Y07 group finder was developed by Yang et al. (2005) , who employed a halo-based grouping function to associate galaxies with their dark matter halos using an iterative process based on the friends-of-friends algorithm (FOF; Davis et al. 1985) . Groups identified in this way were highly complete and suffered little contamination from interlopers. This is especially true for low-mass, less rich groups.
Of the groups identified in Y07, we selected those with 20 or fewer members in order to focus our investigation on small to moderate-sized groups that are sufficiently well represented in the catalog. Y07 also contains a reliable catalog of isolated galaxies that offers a large, well-matched sample of galaxies with which to compare the galaxies in groups. We were able to accurately identify 99.49% of the grouped galaxies and 99.89% of the isolated galaxies from SDSS DR4. The sample distribution is shown in Table 1 .
SAMPLE INCOMPLETENESS
It is essential that sample completeness be assessed carefully in a study of this kind, particularly when using data from a flux-limited sample such as the SDSS.
In a flux-limited sample of galaxies, the Malmquist bias causes intrinsically bright galaxies to be observed further into the universe than fainter galaxies. Unless some precautions are taken, this could lead to a biased interpretation of the data.
In addition, there exists incompleteness due to fiber collisions from nearby galaxies, CCD saturation from bright galaxies, and inaccurate redshift measurements of faint galaxies.
We will investigate such incompletenesses in our data set, particularly with respect to galaxy and group identifications. We note, however, that our analyses largely concentrate on relative galaxy and group properties within particular redshift and richness ranges, which reduces the severity of sample incompletenesses. Yang et al. (2007) note that their sample is affected by fiber collisions. As a result of these collisions, the sample is missing a small number of redshift measurements of galaxies. This issue is partially alleviated by the overlapping regions between neighboring plates such that incompleteness only affects about 7% of objects eligible for spectra, but as such, a fraction of galaxies are excluded from our sample.
Galaxy Sample Incompleteness
This issue, along with that of the Malmquist bias, could affect the overall distribution of galaxies in our sample. One way to assess whether our sample provides a fair representation of the local universe is to compare a luminosity function derived from our sample with those of other authors.
We used the traditional 1/V max nonparametric method developed by Schmidt (1968) to determine the luminosity function of our sample. Each galaxy in a survey is weighted by the maximum observable volume of the galaxy given the apparent Petrosian magnitude limits (in r) of the survey (m min = 17.6 and m max = 13.93). The total luminosity function of the sample is determined by binning the galaxies in absolute magnitude such that
where φ(M) is the total luminosity function, N k is the number of magnitude bins, and φ k is the value of the luminosity function in that bin. This is calculated using
where N is the number of galaxies, f t,i is the redshift completeness, and V max (M i ) is the maximum observable volume for the ith galaxy within the kth bin.
We fit a Schechter function to the 1/V max luminosity function using a χ 2 fitting routine developed by Blanton & Roweis (2007, Kcorrect v4_2) .
We compared our results to those of other authors (Blanton et al. 2001 (Blanton et al. , 2003 Montero-Dorta & Prada 2009) . Figure 1 shows the position and 2σ errors of the Schechter function parameter for our isolated data set and previous works. These positions are shown numerically in Table 2 . We can see from the figure that our results for α (the slope of the faint end of the luminosity function) and M * (the characteristic absolute magnitude) are consistent with those of other authors. This indicates that ours is a representative sample of the local universe.
Next, we compared the luminosity functions of galaxies in grouped and isolated environments. A significant difference is evident between the grouped and isolated galaxy luminosity functions. The disagreement between the fits likely arises because the luminosity function of the grouped galaxies is not well represented by a Schechter function, unlike the luminosity function for the isolated galaxies. Other works agree with this, suggesting that the luminosity function of galaxies in higher-density environments is not well approximated by a Schechter function (Jerjen & Tammann 1997; Trentham & Hodgkin 2002; Popesso et al. 2005) . Mo et al. (2011) indicate that the luminosity functions of galaxies in such environments show an excess of bright galaxies and a steeper faint-end slope, which is consistent with what we observe in the group luminosity function.
Regardless of the validity of the Schechter function fit, the shape of the 1/V max points for galaxies residing within grouped environments differs significantly from that of isolated galaxies. In general, there appears to be a larger fraction of brighter galaxies within grouped environments and a smaller fraction of fainter galaxies. This trend continues for environments of differing richnesses: small (N = 3 and 4), medium (5 N 7), and large (8 N 20), as shown in Figure 3 .
From this we have established that our results for isolated galaxies are in good agreement with those from other authors, suggesting that our data provide a representative sample of the local universe. In addition, the clear difference between the luminosity functions of isolated and group galaxies provides motivation to look more closely at environmental issues, always sensitive to sample incompletenesses.
Group Incompleteness
We next investigate the effect incompleteness has on the actual detection of galaxy groups. One way Y07 handled the issue of fiber collisions was by discarding all galaxies with missing spectra from their sample. The exclusion of such galaxies led to an underestimation of the number of members in groups, but also minimized assumptions made with the data.
In addition to the effects of fiber collisions, the Malmquist bias reduces the effectiveness of the Y07 group-finder algorithm. It should be noted, however, that the Y07 group finder is more efficient than traditional FOF methods since it accounts for potentially missing galaxies at higher redshifts. No matter how effective a group finder is, however, it will always be limited by inherent sample biases.
There is no doubt that our unconstrained sample is affected by the Malmquist bias. In what follows, we reduce the severity of these biases by focusing on relative comparisons between isolated and grouped galaxies, as well as among galaxies in three coarse richness bins. We note that properties such as group radius, velocity dispersion, and density can be significantly affected by severe incompletenesses and should not be compared in an absolute sense over the entire redshift range of the sample.
OPTICAL CLASSIFICATION
The classification of emission-line galaxies can depend significantly on the technique used, particularly for AGNs (e.g., optical emission-line ratios, X-ray, mid-IR, or radio luminosities). This is evident in Galametz et al. (2009) , who analyzed AGN samples using three different selection criteria (i.e., mid-IR color, X-ray, and radio luminosity) and found significant differences between AGN populations identified using these methods. Additionally, AGN fractions are known to change significantly for different signal-to-noise ratio cuts and emission-line threshold conditions (Cid Fernandes et al. 2010; Ellison et al. 2011) . We have chosen to classify AGNs using a more traditional diagnostic technique that employs optical emission-line ratios.
The spectra of our sample of galaxies display both emissionand absorption-line features. To partition galaxies into emissionand absorption-line systems, we considered the relative flux of four emission lines: Hβ, [O iii] λ5007, Hα, and [N ii] λ6584. Balmer emission, however, can be contaminated by absorption from an underlying stellar population, especially in lowerluminosity systems. Using a prescription developed by Mattsson & Bergvall (2009) that links Balmer absorption-line strength with the prominence of the 4000 Å stellar absorption continuum feature, we statistically corrected the Balmer emission-line fluxes for underlying absorption.
We also corrected the spectral lines for extinction along the line of sight. The Balmer emission-line ratio of the galaxy was used to determine the total amount of extinction to the galaxy along the line of sight. The deviation of the expected ratio (which depends on the classification) from the observed value gives a measure of the amount of dust along the line of sight. In order to determine the extinction coefficients and the optical depth for each galaxy, we used the "York Extinction Solver" developed by McCall (2004) .
The convention for equivalent widths is W λ > 0 for emission lines and W λ < 0 for absorption lines. We define an emissionline galaxy as one that satisfies the following equation for the Hβ, [O iii] λ5007, Hα, and [N ii] λ6584 spectral lines:
where T e is a specified emission threshold value (Section 4.1) and ΔW λ is the error in the equivalent width W λ . We define an absorption-line galaxy as a galaxy that has Hα absorption following
where T a is a specified absorption threshold value (Section 4.1). Following Hao et al. (2005) , we require minimal [O ii] λ3727 emission for absorption-line galaxies. Because [O ii] λ3727 lies near the blue edge of SDSS spectra in the redshift range of our sample, we took the added precaution of also requiring minimal emission in [O iii] λ5007 within uncertainties. For our purposes, minimal emission is defined by equivalent widths residing between 2 and −10 Å. The lower bound of −10 Å was chosen to avoid any weak emission and to ensure that it was possible to unambiguously identify an absorption-line galaxy (see below).
Selection Criteria
It is important to identify reasonable emission-and absorption-line thresholds so as not to create a bias against either type of galaxy. Due to the uncertainties in the stellar absorption corrections, absorption-line galaxies showed a spread of Hα equivalent widths near 0 Å. We therefore increased T a to 2 Å so as to include such galaxies in our sample. To permit the inclusion of low-luminosity emission-line galaxies, the emission-line threshold, T e , was set to 0 Å. Using this threshold, the number of absorption-line galaxies increased with only a small decrease in the number of emission-line galaxies. There is also a significant decrease in the number of unclassifiable galaxies using these constraints.
The BPTVO Diagram
Using a method first proposed by Baldwin et al. (1981) , and later adapted by Veilleux & Osterbrock (1987) , we distinguished AGNs from star-forming galaxies. This method uses a diagnostic diagram (hereafter the BPTVO diagram) that compares the (5)) separating AGNs from transition objects, and the dashed line represents the KA03 line (Equation (6)) separating transition objects from star-forming galaxies. (A color version of this figure is available in the online journal.) nearly reddening-independent flux ratios: log(F [Oiii] /F Hβ ) and log(F [Nii] /F Hα ). Figure 4 displays the BPTVO diagram for galaxies in groups. The AGNs and star-forming regions are separated by lines calculated by the models of Kewley et al. (2001, KE01) and Kauffmann et al. (2003, KA03) :
The KE01 (solid) line describes the maximum starburst boundary based on a combination of stellar population syntheses and photoionization models. The KA03 (dashed) line is a modification of the KE01 line determined by incorporating metallicity and ionization parameters into the models and offers a division between star-forming galaxies and transition objects. Galaxies that lie in the transition region are objects whose spectra are thought to contain contributions from both an AGN and star formation.
This classification method is applicable to galaxies that display emission in all four of the required lines. We designate these galaxies as type A emission-line galaxies. We also include those AGNs identified as "QSO objects" by the SDSS pipelines (a total of 0.06% of the sample).
About 30% of emission-line galaxies in the sample do not exhibit emission in all four lines and so cannot be classified using this conventional technique. We propose an alternate method of classifying these "partial emission-line galaxies" using only the flux ratio F [Nii] /F Hα , and we denote these objects as type B emission-line galaxies. To classify type B emissionline galaxies, we calculate log(F [Nii] /F Hα ) for each galaxy, which provides a value along the x-axis of the BPTVO diagram. We can unambiguously classify a galaxy as an AGN if this value lies to the right of the minimum AGN line determined from the limit of the KE01 line at log(F [Nii] /F Hα ) = +0.47; otherwise, it is classified as a type C emission-line galaxy. Type C emissionline galaxies are those that show emission in at least one of the four emission lines, do not meet the classification criteria for an absorption-line galaxy, and do not have enough information to permit classification using either method described above.
Classification Confidence Levels
Our classification thresholds allow for the inclusion of a larger number of classifiable galaxies, as well as a greater number of lower signal-to-noise ratio galaxies with small equivalent widths. Rather than exclude those galaxies with low signal-tonoise ratios, we developed a method that relates the uncertainties in the emission-line fluxes to a confidence level in the spectral classification.
Traditional methods of AGN classification often use a signalto-noise ratio cut to remove galaxies with relatively large errors. These methods assign a spectral type to a galaxy based on the "exact position" of the galaxy on the BPTVO diagram, such that galaxies that lie close to a boundary line on the BPTVO diagram are often classified without regard to their proximity to the other region(s). Though many studies place a high signalto-noise ratio cut on their samples, uncertainties will still affect those galaxies that lie close to the KE01 or KA03 boundary lines.
We propose a revised method of determining spectral classifications based on the uncertainties of the fluxes in the spectral lines so as to provide a more realistic measure of the classification for galaxies residing close to the boundary lines. By not employing a signal-to-noise ratio cut, low-luminosity galaxies can remain in the sample, though with appropriately larger errors. Moreover, when uncertainties span multiple regions on the BPTVO diagram, a weighted classification scheme will allow for a more efficient use of the data.
We begin by associating the error of each flux ratio (δ [Nii] /Hα , δ [Oiii] /Hβ ) to the standard deviation (σ x , σ y ) about each galaxy point (x 0 , y 0 ). In order to accurately handle the uncertainties that are symmetric in linear space, we converted the BPTVO diagram into linear space (though if the uncertainties of the line fluxes are large, the error bars may not be symmetric in the linear BPTVO diagram). Figure 5 displays the linear BPTVO diagram with regions separated by the linearly transformed KE01 and Figure 6 . Projection of a two-dimensional Gaussian centered on the point (x 0 , y 0 ) out to 3σ onto the flux-ratios plane intersected by the ulKE01 (Equation (7)) and ulKA03 (Equation (8) KA03 lines shown below.
Each galaxy is associated with a two-dimensional Gaussian about its position on the linear BPTVO diagram,
where A is the amplitude of the Gaussian probability distribution arbitrarily set to 1. The width of each Gaussian is proportional to the uncertainty in the flux ratio of F [Nii] /F Hα and F [Oiii] /F Hβ . The volume within which this galaxy resides can be determined by integrating under the Gaussian distribution centered on each point. To facilitate the integration, we defined the edges of the Gaussian to be 3σ away from the point (x 0 , y 0 ) and required that the edges of the Gaussian could not go below zero in either axis since this would represent absorption rather than emission lines. The probability of a galaxy being classified as a particular spectral type is calculated by determining the fraction of the 3σ volume that resides in each region. Figure 6 displays a projection of a two-dimensional Gaussian out to 3σ onto the flux-ratios plane intersected by the ulKE01 and ulKA03 lines (Equations (7) and (8)), respectively. The 1σ error bars about the point are shown in black.
The method described above allows us to compute probabilities for type A emission-line galaxies. As described in Notes. The number of galaxies in grouped, paired, and isolated environments for each spectral classification. Emission-line galaxies denoted types A through C are subsets of the total number of emission-line galaxies in the catalog. The AGN (p AGN ), transition (p Trans ), and star-forming (p SF ) galaxy samples are those classified with 80% or greater confidence. The percentage shown is the fraction of the total population. Notes. The number of galaxies in small (3 N 4), medium (5 N 7), and large (8 N 20) galaxy groups for each spectral classification. Emission-line galaxies denoted types A through C are subsets of the total number of emission-line galaxies in the catalog. The AGN (p AGN ), transition (p Trans ), and star-forming (p SF ) galaxy samples are those classified with 80% or greater confidence. The percentage shown is the fraction of the total population. Section 4.2, type B emission-line galaxies are classified as AGNs if they reside to the right of the minimum AGN line. Since these galaxies do not have a value for F [Oiii] /F Hβ on the BPTVO diagram, we could not provide a range of classification; but following the convention of classifying type A emission-line galaxies, we classified an object as 100% AGN if it resided at least 3σ away from the minimum AGN line at log(F [Nii] /F Hα ) = +0.47. Otherwise, the galaxy was given a classification probability of zero associated with all three regions.
AN INVESTIGATION OF GROUP PROPERTIES
The connection between the initiation and maintenance of activity in galactic nuclei and the local environment is a controversial topic. We address this issue by investigating correlations between AGN frequency and various environmental and kinematic parameters. We compare the frequency of AGNs within isolated, paired, and grouped (3 N 20) systems to determine the role environment may play on initiating nuclear activity. We then investigate connections between group properties and the likelihood that a group contains an AGN. Finally, we investigate the role mergers may play in the formation of active galaxies.
Classification Probabilities
We measured the AGN fraction within different environments using two methods. In the first method, we define the fraction of AGNs as the total number of galaxies classified as an AGN with greater than 80% confidence level relative to the total number of galaxies in the specified environment. This offers a high signalto-noise ratio, well-defined AGN sample, but omits a portion of low-luminosity AGNs, as well as those galaxies residing close to the boundary lines on the BPTVO diagram. In the second method we define the AGN fraction by calculating the average classification probability within each environment, regardless of the signal-to-noise ratio or location on the BPTVO diagram. This method allowed us to include contributions from all classifiable galaxies while respecting uncertainties. Table 3 displays the number (and the associated percentage) of emission-and absorption-line galaxies within isolated, paired, and grouped environments. The galaxies within groups span a combination of all richnesses (3 N 20) and, therefore, represent a diverse set of environments that could blur possible environmental factors that may contribute to the formation of an AGN. Notes. The average classification probability for AGNs, transition galaxies, and star-forming galaxies within different environments for z 0.04 for all galaxies. The errors represent the 1σ standard error of the mean. These percentages correspond to the results in Figure 7 .
all results shown for a particular richness class many not be truly representative of the overall sample. Tables 3 and 4 show that the fraction of absorption-line galaxies in grouped environments is significantly higher than in isolated and paired environments. Additionally, the fraction of absorption-line galaxies increases with group richness. On the other hand, from Table 3 , the percentage of emission-line galaxies in grouped and paired environments is significantly lower than within isolated systems, and smaller richness groups display a higher fraction of emission-line galaxies than larger richness groups.
The results from Tables 3 and 4 suggest that there is a significant increase in the fraction of AGNs within systems with more than one member. Indeed, we find that there is a larger fraction of AGNs within paired systems than in any other environment. Table 4 shows that the percentage of AGNs residing in small and medium groups is significantly higher than within isolated systems, but there is a sharp decrease within large richness groups. Additionally, the fraction of transition and starforming galaxies is higher within isolated systems, as well as smaller richness systems.
This investigation only accounts for those galaxies with classification probabilities greater than 80%, which means that a significant number of galaxies residing close to the boundary lines on the BPTVO diagram and galaxies with low signal-tonoise ratio were excluded from consideration. As a result, we will investigate the AGN fraction as a function of environment using the second method described above.
Since every galaxy in our data set is assigned a classification probability for being an AGN, transition, or star-forming spectral type, we can determine the fraction of AGNs weighted by the classification probability within either grouped or isolated environments using the entire data set. We refer to this value as the average classification probability, which is calculated usinḡ
where p i is the classification probability for the ith galaxy and N is the total number of galaxies in the specified sample. Both absorption-line galaxies and type C emission-line galaxies have a 0% probability of being classified as an AGN, transition galaxy, or star-forming galaxy. We first limit the investigation to the fraction of galaxies with z 0.04 to minimize possible effects of Malmquist bias on our group detections. This redshift range would represent a reasonably complete sample of groups identified. Notes. The average classification probability for AGNs, transition galaxies, and star-forming galaxies within different environments for z 0.04 for emissionline galaxies. The errors represent the 1σ standard error of the mean. These percentages correspond to the results in Figure 7 .
The results shown in Figure 7 (a) through (f) display bar diagrams representing the average classification probability of the specified spectral classification in different environments. The diagrams on the left are the average classification probability for all galaxies, while the diagrams on the right show the average classification probability for only the classifiable emission-line (type A and B) galaxies. All diagrams display the average value with the 1σ standard error of the average. Figure 7 (a) shows a slight difference between the AGN probability from isolated and grouped galaxies. Figure 7(b) , on the other hand, displays a more significant difference between the AGN fraction in isolated, paired, and grouped environments. There is variation in the probability of an emission-line galaxy being an AGN across all group richnesses, though significant errors account for these differences. The probability decreases significantly for pairs and isolated galaxies, indicating that AGNs are more likely found in grouped environments. Figures 7(c) and (d) show the average probabilities for transition galaxies. Figures 7(c) and (d) suggest that there are no significant differences between isolated, paired, and grouped galaxies within either analysis. Figure 7 (e) shows that galaxies in isolated environments are more likely to be classified as star-forming than those within grouped environments. This trend is evident in Figure 7 (f). It is important to note that the scale of Figures 7(e) and (f) has been expanded to cover a larger range of probabilities for star-forming galaxies.
This analysis suggests an increase in AGN fraction of groups compared with isolated systems. Expanding the redshift limit to 0.10 (Figure 8 ) gives qualitatively similar results as shown in Figure 7 . This suggests that there is an increased likelihood of AGNs in grouped rather than isolated environments, though biases prevent an absolute assessment of this phenomenon. Tables 5-8 show the average and the associated standard error of the classification probability for AGNs, transition galaxies, and star-forming galaxies for all galaxy types and emission-line galaxies, respectively, for z 0.04 and z 0.10.
We also investigate the average AGN classification probability as a function of mass (or luminosity) to determine whether the increased AGN probability may simply be the result of an increased fraction of larger galaxies residing within grouped systems. In order to show that this increase in AGN fraction is relatively independent of variations in galaxy size, we limited our analysis to galaxies with M r −20.5. Figures 9 and 10 show the average AGN probabilities partitioned by their r -band magnitude. We see that there remains an increase in AGN fraction within high-mass (high-luminosity) galaxies, though for low-mass galaxies (M r > −20.5), the effect is much weaker. Average classification probability within different environments out to z 0.04. Panels (a) and (b) display the probability over all galaxies and emission-line galaxies, respectively. Panels (c) and (d) display the average transition probability over all galaxies and over emission-line galaxies, respectively. Panels (e) and (f) display the average star-forming probability over all galaxies and over emission-line galaxies, respectively. The vertical error bars represent the 1σ standard error of the mean.
Therefore, the increase in AGN fraction of grouped galaxies is not solely a result of an increased fraction of larger mass galaxies in grouped systems.
Nearest Neighbor within Groups
We investigated the dependence of AGN probability on various group properties by calculating the virial radius and velocity dispersion of the groups as per Deng et al. (2008) :
where N is the number of group members and R ij is the projected distance between the ith and jth galaxy in the group.
The line-of-sight velocity dispersion of the group is calculated using
wherez is the group redshift provided by Yang et al. (2007) , z i is the redshift of the ith member of the group, and c is the speed of light. The virial mass refers to the mass within the virial radius calculated as follows:
Figure 8. Average classification probability within different environments out to z 0.10. Panels (a) and (b) display the probability over all galaxies and emission-line galaxies, respectively. Panels (c) and (d) display the average transition probability over all galaxies and over emission-line galaxies, respectively. Panels (e) and (f) display the average star-forming probability over all galaxies and over emission-line galaxies, respectively. The vertical error bars represent the 1σ standard error of the mean.
where G is the gravitational constant. Using these equations, we determined various properties of our galaxy groups, such as the number density and mass density.
To gauge the effect proximity may have on the occurrence of a particular type of galaxy, we measured the average distance between a specified type of galaxy and its nearest neighbor. Table 9 shows the results of this analysis. No consistent pattern emerges, except for anticipated differences as a function of redshift. It is interesting to note that the average projected separation between nearest neighboring galaxies appears to be independent of group richness.
Velocity Differences within Groups
In order to determine the effect velocity may have on the occurrence of a particular type of galaxy, we calculated the difference between the average velocity (redshift) of a galaxy and the average velocity (redshift) of the group. Table 10 shows the results of this analysis. Apart from a redshift effect, in this instance there appears to be a significant difference between absorptionand emission-line systems in that emission-line systems have smaller relative velocities compared with absorption-line systems, possibly suggesting that galaxy harassment plays some role in inciting or enhancing emission-line activity.
Distance to Centroid
To determine whether an AGN or star-forming galaxy is related to its position within the group, we searched for a correlation between AGN fraction and the luminosity-weighted distance to the center of the group. Yang et al. (2007) provides the (a) (b) Figure 9 . Average AGN classification probability within different environments. Panel (a) displays the probability over all galaxies, and panel (b) displays the probability within emission-line galaxies. The vertical error bars represent the 1σ standard error of the mean.
(b) (a) Figure 10 . Average AGN classification probability within different environments. Panel (a) displays the probability over all galaxies, and panel (b) displays the probability within emission-line galaxies. The vertical error bars represent the 1σ standard error of the mean.
Table 7
Average Classification Probability by Environment for All Galaxies All Galaxies AGN Transition Star-forming (%) (%) (%) Isolated 4.64 ± 0.05 9.03 ± 0.07 % 54.12 ± 0.14 Paired 6.13 ± 0.15 9.73 ± 0.18 % 44.69 ± 0.33 Grouped 5.90 ± 0.13 8.30 ± 0.14 33.19 ± 0.27 Notes. The average classification probability for AGNs, transition galaxies, and star-forming galaxies within different environments for z 0.10 for all galaxies. The errors represent the 1σ standard error of the mean. These percentages correspond to the results in Figure 8 .
group centroid position from the luminosity-weighted center of the group. These radii were normalized by the total virial radius of each group in order to facilitate a reasonable comparison. Figure 11 (a) displays the fraction of AGNs (blue circles) and star-forming (red squares) galaxies as a function of the distance from the centroid in units of the virial radius. Figure 11 indicates that the fraction of AGNs increases as the distance to the group's centroid decreases. This increase is made more apparent in Figures 11(b) and (c), where the difference between the fraction at each point and the mean is displayed in units of the standard error of each bin for AGNs and star-forming Notes. The average classification probability for AGNs, transition galaxies, and star-forming galaxies within different environments for z 0.10 for emissionline galaxies. The errors represent the 1σ standard error of the mean. These percentages correspond to the results in Figure 8 .
galaxies, respectively. Here we find a significant increase of AGN fraction with a decrease in distance to the center of the group. Additionally, Figure 11 (c) clearly indicates a positive correlation between the fraction of star-forming galaxies and the distance to the center of the group. In both cases, the dashed and dotted lines represent the average classification probability across the entire data set, and the reduced χ 2 provides a p-value that is sufficiently small to confidently reject the null hypothesis of a constant fraction across all bins. Table 11 provides the weighted-average distances between the galaxy and its group's centroid for bins of different group Notes. The average projected separation (Mpc) between a galaxy of a specific type and its nearest neighbor. The samples shown are divided into all galaxies, group richnesses (small, medium, and large), and redshift subsamples. Notes. The average difference in velocity (km s −1 ) between the specified galaxy type and the galaxy group for each sample set. The samples shown are divided into all galaxies, group richnesses (small, medium, and large), and redshift subsamples. richness and redshift. We find that across all bins, AGNs reside closer to the centroid on average than transition, starforming, and absorption-line galaxies. Star-forming galaxies reside further from the centroid than absorption-line galaxies.
For a different but complementary perspective, we investigated the likelihood that a particular galaxy type was the brightest and/or most massive galaxy in the group (Table 12) The relevant measurements were provided by Yang et al. (2007) . The total percentage column represents the total percentage of galaxies in groups classified as the specific spectral type. The BG and MG columns represent the total percentage of groups that have that specific spectral type as their brightest or most massive member. The final two columns present a comparison between the overall proportion of that spectral type and the occurrence of that spectral type as a significant member of the galaxy group. A value larger than one will show that the probability of that spectral type occurring as the most massive or brightest member is greater than chance, while a value less than one will indicate that the probability is less than chance. This table shows that a higher fraction of AGNs are found to be the brightest and/or most massive member of the group compared to the overall percentage of AGNs in groups. There is a decrease in the percentage of star-forming galaxies as the most massive and/or brightest galaxy in the group when compared to the overall percentage of star-forming galaxies. Finally, there is a relative increase in the percentage of absorption-line galaxies that are the most massive and/or brightest galaxy in the group.
A relationship between a galaxy's morphology and environment is well known (e.g., Dressler 1980) in that denser regions are more likely to harbor early-type galaxies. In addition, it has been found that AGNs more commonly reside within early-type galaxies (E and S0; see Gavazzi et al. 2011) . Is the correlation found between AGN fraction and distance to a group's centroid above explained exclusively because early-type galaxies prefer to occupy regions of higher density, such as the centers of galaxy clusters (Dressler 1980; Whitmore & Gilmore 1991; Wilman et al. 2009 )? In order to test this hypothesis, it is important to investigate the AGN fraction as a function of distance to the centroid for both late-and early-type galaxies.
To obtain morphological classifications, we used data collected by the Galaxy Zoo project (Lintott et al. 2008 (Lintott et al. , 2011 . Galaxy Zoo is a citizen science project that enables the general public to visually classify galaxies from the SDSS. We followed other studies (e.g., Hoyle et al. 2012; Bamford et al. 2009; Masters et al. 2011) by defining a clean classification sample, that is, combining all spiral galaxies regardless of orientation into late-type and all spheroids (elliptical plus lenticular Note. The average and standard error of the projected distance (Mpc) between the group centroid and AGNs, transition galaxies, or star-forming galaxies. Note. The fraction of galaxies by galaxy type defined by Yang et al. (2007) as the most massive or brightest galaxy in the group. The reduced χ 2 r for both AGNs and star-forming galaxies are shown in panels (b) and (c), respectively. (A color version of this figure is available in the online journal.) galaxies) into early-type classifications and using those galaxies with morphological classifications whose certainties are 80%. The early-type galaxy sample composes 28% (12,611 galaxies) of the original grouped galaxy sample, and the late-type galaxy sample composes only 12% (5255 galaxies) of the sample.
Figures 12 and 13 display the AGN and star-forming fractions of galaxies as a function of the distance to the group centroid. In both plots, we discover a significant increase in the fraction of AGNs as the distance to the centroid decreases, albeit with limited statistics due to the small number of galaxies with secure morphologies. We can reject the null hypothesis that there is a constant AGN fraction with distance to the centroid for both early-and late-type galaxies. These findings allow us to confidently report that, in both cases, the relationships observed between AGN fraction and distance to the centroid are relatively independent of the distribution of a particular morphological classification.
Mergers
Galaxy mergers may provide a mechanism for fueling the central black hole, leading to an increase in nuclear activity (Kauffmann & Note. The total percentage of merging galaxies in isolated and grouped systems, as well as the percentage of AGNs, transition galaxies, or star-forming galaxies that are also merging galaxies. Darg et al. 2010) . Galaxy Zoo identifies merging galactic systems. The parameter p m is the merger fraction for a particular object that ranges from 0 (non-merging) to 1 (obvious merger). Darg et al. (2010) defined a merging system as one in which the merger fraction p m 0.40. We compared the AGN fraction of galaxies in merging and non-merging systems to determine whether activity is influenced by laterstage galaxy-galaxy interactions. Due to the small number of galaxies found in mature mergers, we combine the samples of merging galaxies in isolated, paired, and grouped environments. Table 13 displays the percentage of galaxies of a specified type classified as merging (p m > 0.40), partially merging (0 < p m < 0.40), and non-merging (p m = 0) galaxies, weighted by the classification probability for the respective spectral type.
We see a significant increase in the percentage of AGNs and transition galaxies within merging galaxies, p m 0.4, when compared to the non-merging sample. On the other hand, there is a slight decrease in the percentage of star-forming galaxies as merging galaxies when compared to non-merging galaxies. There is also a significant increase in the number of star-forming galaxies for those with merger probabilities between 0 < p m < 0.4. Darg et al. (2010) found that these galaxies could suffer contamination from interloping galaxies or foreground stars, though they also found that a significant number of these galaxies are truly merging systems. Further investigation into merging systems is needed to interpret this result unambiguously. One interpretation of this result, however, is that the star formation process occurs soonest after the onset of a merger, followed by a transition or hybrid phase, with the AGN phase emerging last of all.
Finally, we note that the relative number of emission-and absorption -line galaxies remain constant through all stages of mergers.
DISCUSSION AND CONCLUSION
The overall fraction of absorption-and emission-line galaxies-including AGNs, transition galaxies, and starforming galaxies-within different environments was investigated using a variety of techniques and constraints.
Quiescent, absorption-line galaxies are more prevalent in groups (35.48% ± 0.33%) compared to the field (21.41% ± 0.10%), whereas the fraction of star-forming galaxies prefer isolation (36.44% ± 0.14%) compared to group environments (23.69% ± 0.26%). Moreover, star-forming galaxies are more common in low-richness systems.
These results are consistent with the work of Sabater et al. (2012) , who found evidence for a higher fraction of star-forming galaxies in isolated systems when compared to Hickson compact groups. These results also agree with other works, including Miller et al. (2003) , who found that the quiescent, absorption-line galaxy fraction increases with increasing environmental density.
A significant increase in the AGN fraction was found in group environments (5.90% ± 0.13%) compared with isolated systems (4.64% ± 0.05%) when analyzing the average classification probability of galaxies with z 0.1. Transition objects appear to follow the same trend as AGNs by displaying an increase in the transition probability within the emission-line population.
These results are in agreement with Petrosian (1982) , Dahari (1985) , MacKenty (1990) , Rafanelli et al. (1995) , Alonso et al. (2007) , Ellison et al. (2011), and Liu et al. (2012) , but are challenged by Miller et al. (2003) , Wilman & Erwin (2012) , and Sabater et al. (2012) , who found that AGN fraction does not depend on environment.
Though a number of environmental properties that could be linked to the initiation of activity in galactic nuclei were investigated, none were found to be statistically significant.
An inverse relationship was found between the fraction of AGNs within groups and the distance to the group centroid. This result is consistent with Martini et al. (2007) , who found that very luminous AGNs are more centrally located within clusters than the average cluster galaxy of the same brightness. Conversely, Hwang et al. (2012) found that the fraction of AGN hosts increased as the distance to the centroid increased within a cluster. It should be noted, however, that these analyses were conducted for much denser systems (clusters).
The fraction of star-forming galaxies decreases with decreasing distance to the center of the group. This result agrees with the findings of von der Linden et al. (2010) , who found that star formation had ceased within 80% of cluster galaxies, and that star-forming stellar populations decline rapidly toward cluster centers.
A connection between nuclear activity and the presence of close companions is contentious. For example, many authors have found significant differences (Dahari 1984; Keel et al. 1985; Rafanelli et al. 1995; Alonso et al. 2007; Woods & Geller 2007; Rogers et al. 2009; Koss et al. 2010; Ellison et al. 2011) , while others have not (De Robertis et al. 1998a , 1998b De Robertis & Vandalfsen 1998; Grogin et al. 2005; Coldwell & Lambas 2006; Li et al. 2006 Li et al. , 2008 Ellison et al. 2008; Darg et al. 2010) . Star formation, on the other hand, appears to be enhanced in the presence of close pairs (e.g., Lambas et al. 2003; Alonso et al. 2004; Woods et al. 2006; Woods & Geller 2007; Ellison et al. 2008; Liu et al. 2011) .
We found no statistical difference between AGN fraction and the distance to the closest projected neighbor across all richnesses. This does not necessarily mean that galaxy harassment plays no role in initiating nuclear activity. It may well be that gas perturbed by a close encounter takes a couple of dynamical times after closest approach before reaching the central parsec of the host galaxy. By the time a nucleus becomes active, the separation between galaxies at a redshift of 0.1 may have increased by more than an arcminute for typical group dispersion velocities, blurring any apparent correlation with projected distance.
We also found a positive correlation between the fraction of star-forming galaxies and the distance to the center of the group, consistent with the literature.
We find a higher fraction of AGNs within merging systems compared to non-merging systems. This result is in agreement with, e.g., Canalizo & Stockton (2001) , Sánchez & González-Serrano (2003) , Smirnova et al. (2006) , Combes et al. (2009 ), and Villar-Martín et al. (2010 , who found a correlation between merging galaxies and activity, but disagrees with Darg et al. (2010) , who found no difference in the fraction of AGNs in merging systems when compared to a control sample of randomly selected galaxies from SDSS.
Based on our results, it is likely that the local environment does play a role in the formation of an AGN; groups are about 25% more likely to contain an AGN compared with the field and AGNs are found more frequently among the merging population, unlike star-forming galaxies. But no single property was found to correlate strongly with this excess. The trigger(s) for activity in galactic nuclei is likely to be rather complex and multi-faceted and may include properties intrinsic to galaxies themselves and not only environmental influences.
